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ABSTRACT: Regional distribution and abundance data for invasive plant species are urgently needed
for management planning, modeling of invasion risks and impacts, and communicating the scope of
the problem. Yet, regional distribution data are rare in the United States. Here, we present a web-based
mapping tool designed for efficient collection of expert opinion of invasive species abundance. We
use this approach to generate distribution maps of three prominent invasive plants in the southeastern
United States: (1) Chinese/European privet (Ligustrum sinense/vulgare), (2) kudzu (Pueraria montana),
and (3) cogongrass (Imperata cylindrica). We validated the maps for internal consistency, based on
multiple submissions for the same location, and with two other independent data sources: the U.S.
Forest Service’s Forest Inventory and Analysis plots (FIA) (for privet) and point-location data gathered
from various sources (for all three species). Percent cover data were collected for each species across
30% of the Southeast U.S. The web-based mapping system yielded high participation rates (187 users).
Internal consistency was 69% for Chinese/European privet, 72% for kudzu, and 88% for cogongrass.
For Chinese/European privet, percent cover accuracy was 64% relative to the U.S. Forest Service FIA
data. A web-based mapping system is an effective means of collecting regional distributional data from
a broad but loose network of experts. Regional abundance maps complement point presence data typi-
cally used in invasive plant management. Regional distribution maps are useful for cross-jurisdictional
management of invasive species, biogeographical research, and attracting support for containment and
restoration programs.

Index Terms: biogeography, Google Maps, invasive plant, regional land cover, species distribution

INTRODUCTION

Non-native invasive plants increasingly
threaten native ecosystems by altering eco-
system processes and reducing biological
diversity. Invasive species are recognized
as a major component of global change
(e.g., Vitousek et al. 1996; Millennium
EcosystemAssessment 2005). Their impact
on ecosystems is significant and alarming:
almost half of the United States species
listed under the Endangered Species Act
are threatened by competition with inva-
sive species (Wilcove et al. 1998) while,
globally, invasive species are a major
threat to 30% of birds, 11% of amphib-
ians, and 8% of mammals on the IUCN
Red List of Threatened Species (Baillie
et al. 2004). Invasive species frequently
affect ecosystem function by altering fire
regimes and water availability (Vitousek
1990; D’Antonio andVitousek 1992; Busch
and Smith 1993; Zavaleta 2000). Further,
they impair local economies by reducing
commercial forest and agricultural yields,
decreasing rangeland productivity, and re-
quiring expensive control efforts (Vitousek
et al. 1996; DiTomaso 2000; Mack et al.
2000). Economic losses associated with
non-native invasive species total nearly
$120 billion annually in the United States
alone (Pimentel et al. 2000; Pimentel et
al. 2005).

Critical to measuring, monitoring, and

controlling the damage caused by non-
native invasive plants are data on their
distribution and abundance. In the United
States, distribution data are usually sparse,
patchy, or non-existent. In the Southeast
United States in particular, the need for
invasive plant distribution data has led to
multi-state partnerships with a focus on
mapping (Bowen 2007). However, agen-
cies or individuals are often knowledge-
able about invasive species distributions,
but lack the resources or infrastructure to
collate and synthesize that knowledge. The
resulting lack of a “big picture,” especially
in the form of regional-scale maps, inhibits
monitoring, management, and research.
Using the Southeast United States as a
focal region, we present a new, interactive,
web-based method for gathering, collating,
and synthesizing data from numerous lo-
cal experts to produce large-scale maps of
the distribution and abundance of invasive
plants. This approach not only assembles
existing data but identifies knowledge gaps
of species distributions and abundance.
Our technique for generating distribution
and abundance maps has the advantages
of being inexpensive, user-friendly, and
flexible. It can be readily adapted for use
with other species and locales.

The Southeast United States suffers from
the ecological and economic effects of
nearly 450 species of non-native invasive
plants (Miller et al. 2004). These invasive
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species reduce native plant and animal 
diversity in the Southeast and disrupt for-
est and crop productivity (Miller 2003). 
Efforts to map invasive species in the 
Southeast have focused on collecting point 
occurrences – single contiguous patches 
or individual plants marked by GPS co-
ordinates. These data are important for 
monitoring and treating local infestations. 
The Southeast Exotic Pest Plant Council 
(SE-EPPC) (Bowen 2007; SE-EPPC 2007), 
the Invasive Plant Atlas of the MidSouth 
(IPAMS 2008), and a handful of in-state 
databases (e.g., Southern Appalachian 
Information Node 2007) collect point oc-
currence data. However, gathering reports 
of individual infestations requires a large, 
sustained, coordinated surveying effort 
(e.g., Brown et al. 2001), and the result-
ing data provide only limited information 
about the regional extent or abundance of 
invasive plants. Consequently, absent large 
commitments of staff and resources (see 
NIISS 2008), point data are rarely useful 
for assessing regional-scale ecological and 
economic risk because sampling is not 
sufficiently extensive and may be spatially 
biased (Hijmans et al. 2000; Graham and 
Hijmans 2006).
 
The primary regional invasive species map-
ping technique used in the United States 
records presence/absence within a given 
county or state. For example, both the 
PLANTS Database, a nationwide project 
by the USDA Natural Resource Conserva-
tion Service, and the SE-EPPC use point 
records to produce county- and state-scale 
presence maps (Figure 1). County maps 
give a general sense of distribution, but are 
not useful in assessing regional differences 
in abundance, density, etc., which, in turn, 
are the type of data needed to model inva-
sion risk based on a species’ biogeography. 
In order to assess the severity of infesta-
tions across a regional scale, a resolution 
between county- and point-scale is needed 
for mapping species abundance. 

Regional maps of invasive species abun-
dance have been created in the Western 
United States by the Western Weed Co-
ordinating Committee (www.weedcenter.
org/wwcc) based on a six kilometer grid. 
Abundance of leafy spurge (Euphorbia 
esula) and yellow starthistle (Centaurea 

solstitialis) in 15 Western states were 
collected via a direct-mail survey sent to 
local experts (Thoene 2002). Similarly, 
the Colorado Department of Agriculture 
(Colorado DOA) (www.colorado.gov/ag/
csd) surveys its county weed supervisors 
each year regarding the status of over 20 
non-native invasive species. The Kansas 
Department of Agriculture (www.ksda.
gov) completed a one-time survey for 
salt-cedar (Tamarix spp.) in 2004 using 
the Colorado DOA methodology.
 
While these projects have been success-
ful, they require an existing network of 
experts familiar with local invasive plant 
abundance. Most western states employ 
as part of their Agriculture Department 
state coordinators and county invasive 
plant managers, providing a comprehen-
sive source of expert opinions on invasive 
plants. In the Southeast United States, how-
ever, invasive species experts are scattered 
through a loose network of individuals 
at state and federal agencies, local and 
regional non-governmental organizations, 
and universities.
 
In order to reach as many individuals 
as possible within the loose network of 

experts, we created an easy-to-use, web-
based, mapping application. Using data 
submitted by 187 experts, we developed 
regional percent cover maps for the three 
invasive plants. These maps, in turn, can be 
used to identify invasion hot spots, better 
coordinate management efforts across the 
region, and attract funding and political 
support for containment and restoration 
initiatives.
 

Background

We selected three of the most noxious 
invasive species in the Southeast U.S.: (1) 
Chinese/European privet, (2) kudzu, and 
(3) cogongrass. Chinese privet (Ligustrum 
sinense) and European privet (Ligustrum 
vulgare) are highly invasive, semi-decidu-
ous flowering shrubs or small trees (Batcher 
2000; Miller 2003). We grouped the two 
species together because most invasive 
plant managers and professionals do not 
distinguish between them when reporting 
invasions. Privet significantly reduces the 
abundance and richness of native trees, 
shrubs, and herbaceous plants (Merriam 
and Feil 2002; Wilcox and Beck 2007), and 
is cited as the largest threat to the recovery 
of the endangered Schweinitz’s sunflower 
(Helianthus schweinitzii) (Weakley and 
Houk 1994).
 
Kudzu (Pueraria montana) is an aggres-
sive, herbaceous to semi-woody peren-
nial vine (Mitich 2000), which thrives 
in disturbed ecosystems and places with 
abundant sunlight (Hipps 1994; Mitich 
2000; SE-EPPC 2003; Bergmann and 
Swearingen 2006). This smothering vine 
can kill saplings and mature trees in two 
to three years while preventing any new 
growth of indigenous species (Mitich 2000; 
Blaustein 2001). Economic damage to the 
region mostly comes in the form of reduced 
land productivity, especially in forested 
areas, with estimated losses ranging from 
$100-500 million per year (Blaustein 2001; 
Boyette et al. 2002; Britton et al. 2002).

Cogongrass (Imperata cylindrica) is an 
aggressive, perennial grass that has been 
called one of the 10 most noxious invasive 
plants in the world (Holm et al. 1977; 
MacDonald et al. 2006). By altering the 

Figure 1. Currently available regional species 
distributions. PLANTS database state distribution 
of Chinese privet (Ligustrum sinense) and county 
distributions from SE-EPPC’s Early Detection and 
Distribution Mapping System. 
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fire regime of the ecosystems it invades, 
cogongrass has the ability to dominate and 
eventually displace native species (Lip-
pincott 2000). Outside the U.S., numerous 
studies have documented reduced crop 
yields due to infestations of cogongrass 
(Chikoye 2003), with treatment costs 
reaching up to $400 an acre (0.4 ha) (Van 
Loan et al. 2002).

METHODOLOGY

Our target region consisted of eleven 
contiguous states in the Southeast U.S. 
(Alabama, Arkansas, Florida, Georgia, 
Kentucky, Louisiana, Mississippi, North 
Carolina, South Carolina, Tennessee, and 
Virginia). Our goal was to map presence 
and species abundance – which we define 
as percent cover – of the three invasive 
plants using a grid derived from one-quarter 
USGS 7.5 minute topographic quadrangles 
(Figure 2). These “quarterquads” are ap-
proximately six kilometers in resolution, 
each containing an area of about 4000 

hectares. This grid size creates a regional 
map at an effective intermediate resolution 
between point occurrences and county-
scale presence/absence. The resulting grid 
contained 35,524 unique quarterquads 
across the entire Southeast.

To enlist experts, we sent electronic requests 
to invasive-plant managers, academics, and 
conservation professionals from July to 
December 2007. Targeted organizations in-
cluded federal and regional agencies, state 
agencies, and academic institutions (Table 
1). We also recruited participation from 
members of SE-EPPC, a non-profit, volun-
teer, umbrella organization of individuals 
working on the control and eradication of 
invasive plants (Bowen 2007). A range of 
other organizations, including extension 
agents, foresters, non-profit conservation 
groups, and county parks and recreation 
departments were also contacted.
 
Each participant was asked to estimate the 
percent cover of the three species for all 
quarterquads within his/her geographical 

area of expertise. We asked participants 
to report percent cover following the 
standards set by the North American Weed 
Management Association, which states that 
“an infested area of land is defined by draw-
ing a line around the actual perimeter of the 
infestation as defined by the canopy cover 
of the plants, excluding areas not infested” 
(NAWMA 2002).  Six categories were 
established for percent cover: less than 1% 
(present on < 36 ha within the quarterquad), 
1-5% (36-182 ha), 6-10% (182-364 ha), 
11-15% (364-546 ha), 16-25% (546-910 
ha), and greater than 25% (910 ha). Two 
more options for absent and unknown were 
included. Participants were asked to enter 
this information directly using a web-based 
mapping system (see below).

In North Carolina and Tennessee, where 
internet access for state employees is 
limited, we created paper surveys and 
disseminated them to county foresters 
through the state Divisions of Forestry. 
Paper surveys were the same grid resolu-
tion as the web-based map, and mailed 

Figure 2. Map of Southeast region with detail of quarterquad grid and approximate quarterquad dimensions.
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responses were digitized.

Web mapping system

We developed a Google Maps-based sys-
tem for our website (http://invasive.princ-
eton.edu) that makes user interaction and 
data entry simple, fast, and intuitive. The 
mapping interface itself is hosted remotely 
from Google’s servers; thus, the demand on 
the local server is significantly reduced, in-
creasing the speed at which users can view 
the map and enter data. Google splits the 
world map into multiple 256-pixel square 
image tiles for each zoom level; as a result, 
a user actually sees multiple separate image 
tiles that comprise the viewable portion 
of the map. Therefore, just a handful of 
image tiles need to be refreshed when a 
user moves the map or zooms in. For a 
complete description of the process Google 
Maps uses, see Savage (2006).

The web mapping system consists of two 
main components: a mapping interface 
and a database. Users interact with the 
mapping interface to enter data for each 
quarterquad, while the database stores user 
responses and marker coordinates. 

Mapping Interface

Users of the website were asked to register 
to gain access to the mapping system. This 
allowed us to capture affiliation and contact 
information as well as track the input of 
each user to the system. Registration also 
allowed a user to add or edit data over 
multiple login sessions. When signed in, 
the user was presented with a Google Maps 
interface centered on the Southeast United 
States. We used the freely available Google 
Maps Application Programming Interface 
(API), which allows for an instance of the 
Google Maps application to be embedded 
in a website. Using JavaScript coding, the 
API was modified to include the quarter-
quad grid, a clickable marker for each 
quarterquad, and an information window 
with data entry form (Figure 3).

Before the quarterquad shapefile could be 
added as a layer onto the Google Map, it 
was transformed into a series of transpar-
ent images to allow users to see the map 
underneath. The quarterquad shapefile was 
processed into transparent image files that 
are split into increasingly smaller tiles for 
each zoom level of the API (Center for 
Advanced Spatial Analysis 2006). Each 
picture tile is automatically geo-referenced 
to the image tiles that make up the Google 
Map. These picture tiles were hosted on a 
Princeton University server and processed 
by JavaScript onto the map.
 
To enter data, a user first zoomed into 
his/her area of familiarity. As the zoom 
level increases, the quarterquad grid comes 
into view. At the highest three levels of 
zoom (approximately 1:200,000 and be-
low), clickable markers appeared. When 
a marker is clicked, a quarterquad data 
entry form appears. Within the data entry 
form, fields for the percent cover of each 
species appeared as a drop down option 
box. Users entered the data as percent 
cover of the quarterquad or, optionally, as 
total acreage within the quarterquad. Upon 
clicking the “submit” button, the input data 
were transferred to the database.

Database

We used the open-source MySQL database 

software to store data entered by each user 
and the coordinates of each quarterquad 
marker. Asynchronous JavaScript and 
XML (AJAX) were used for communica-
tion between the database and the mapping 
interface. Once a user clicked the submit 
button on the data entry form, the informa-
tion he/she entered went to the database. If 
that information was successfully stored, 
the database sent a response to the website 
that changed the color of the marker to 
notify the user of a successful submission. 
When a user first signed into the web map-
ping system, AJAX database requests were 
made to retrieve all previously submitted 
quarterquads. This allowed a user to iden-
tify the data he/she had already submitted 
from session to session. When a previously 
submitted marker was opened, all of the 
user’s choices were contained within the 
form, allowing for quick verification and 
correction of earlier submissions. Users 
could not see each other’s submissions, 
which enabled multiple submissions for a 
single quarterquad.

Evaluation of Expert Opinion and 
Map Creation

We evaluated the expert opinion data col-
lected through the web-mapping system in 
three ways. First, we compared multiple 
submissions from different participants for 
individual quarterquads to determine if ex-
perts generally agreed on invasive species 
abundance in a given quarterquad. Second, 
we used U.S. Forest Service Forest Inven-
tory and Analysis (FIA) plot inventory data 
(Ridley et al. 2007) to assess the external 
accuracy of the expert dataset. Third, point 
presence data (Merten 2006; Evans et al. 
2007; Florida Exotic Pest Plant Council 
2007; Florida Natural Areas Inventory 
2007; SE-EPPC 2007; Southern Appa-
lachian Information Node 2007; IPAMS 
2008) were compared to the percent cover 
values from the expert dataset.
 
Allowing multiple same-quarterquad sub-
missions from the web-mapping system 
created a data record overlap in some areas. 
If the percent cover category difference 
between experts was large (five or six 
categories off), quarterquads were consid-
ered outlier duplicates and discarded from 

Federal
U.S. Forest Service
U.S. Park Service
U.S. Fish and Wildlife 

Regional
Southeast Exotic Pest Plant

Council
State

Alabama Forestry
Commission

Florida Department of En-
vironmental Protection 

Academic
University of Tennessee
Mississippi State Univer-

sity Extension Service
Other

The Nature Conservancy

Table 1. Categories of participating organiza-
tions with selected example organizations
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the dataset. Remaining duplicate percent 
cover values were assigned a final percent 
cover category by averaging the two values. 
Where two records had adjacent percent 
cover categories, the higher category was 
assigned to favor an overestimate rather 
than an underestimate of species presence 
(Table 2).

We compared percent cover categories 
assigned by different users for the same 
quarterquad to assess internal consistency. 
Quarterquads with duplicate submissions 
that were the same, or one category dif-
ferent, were considered consistent. Quar-
terquads with duplicate values greater than 
one category different were considered 
inconsistent.

The U.S. Forest Service FIA dataset 
(Ridley et al. 2007) was used to assess 
the external accuracy of the expert dataset. 
However, FIA data were only comparable 
for Chinese/European privet because co-
gongrass and kudzu are rare in forested 
plots. FIA plots are inventoried for forest 
stand characteristics, including invasive 
species percent cover; and, at 2500 ha, 
are about half the size of a quarterquad. 
The FIA data were resampled based on 
nearest neighbor to the quarterquad grid 
resolution and assigned a category based 
on their percent cover. For overlapping 
quarterquads, the difference in percent 
cover category between the FIA and expert 
dataset was calculated. Outliers with a 
percent cover category difference of five 

or six were discarded. FIA quarterquads 
calculated with a percent cover of “zero” 
were excluded because invasive species 
are not recorded on all FIA plots and, 
consequently, we could not determine 
whether privet was truly absent or just not 
recorded. FIA and expert dataset duplicate 
quarterquad values were assigned using the 
rules shown in Table 2.
 
We calculated the percentage of externally 
consistent quarterquads for privet based on 
percent cover categories that were the same 
or one different between the FIA and expert 
datasets. Quarterquads with duplicate val-
ues greater than one category different were 
considered inconsistent. The number of 
false negatives, where experts categorized 

Figure 3. Schematic of web-mapping system with image of the mapping interface. (a) Arrows indicate the direction of data flow. When users enter the web-
site they can either register or, if already registered, sign-in. They are then presented with a Google Maps interface implemented by the Google Maps API. 
JavaScript commands stored on a local server modify the API to overlay the quarterquad grid (stored as image files on the local server) and markers (stored 
as coordinates in a local database) on the map. Submitted species percent cover data are stored as a record in the local database. (b) A user is first presented 
with a standard Google Maps view centered on the Southeast U.S. After zooming in, the quarterquad grid is displayed along with the markers. Once a marker 
is clicked the data entry form is displayed for editing.
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a quarterquad as ‘absent’ but FIA reported 
presence, was also recorded.

A number of outside datasets have recorded 
point locations of invasive species. These 
data include point occurrences (invasive 
species “present”) from the Early Detection 
and Distribution Mapping System (Bowen 
2007; SE-EPPC 2007), the Florida Exotic 
Pest Plant Database (Florida Exotic Pest 
Plant Council 2007), the Invasive Plant 
Atlas of the MidSouth (IPAMS 2008), 
the Florida Natural Areas Inventory 
(Florida Natural Areas Inventory 2007), the 
Southern Appalachian Information Node 
(Southern Appalachian Information Node 
2007), U.S. Forest Service Forest Health 
Protection (Merten 2006), and the Georgia 
Invasive Species Task Force (Evans et al. 
2007).1 False negatives, quarterquads that 
were rated by an expert as “species absent” 
but contained a point record, were reclas-

sified as < 1% cover. The < 1% category 
was used because percent cover at presence 
points is unknown. We compared each 
species’ point record dataset to the expert 
dataset to evaluate their distribution relative 
to regional percent cover. 

RESULTS

Mapping Results

Invasive species percent cover data were 
collected for a total of 12,507 quarterquads, 
representing over 43 million hectares or 
approximately 30% of the target area 
within the Southeast U.S. There were large 
geographical disparities in coverage: four 
states (Alabama, Arkansas, North Carolina, 
and Tennessee) comprised almost 80% of 
the data submitted. In terms of in-state cov-
erage, over 90% of Tennessee and Alabama 

were mapped for all three target species, 
while data were received for less than 10% 
of quarterquads in Georgia, Kentucky, 
Mississippi, and South Carolina. Although 
the data are not equally distributed across 
the region, the dataset provides sufficient 
coverage to encompass an elevational gra-
dient from the North Carolina coast to the 
eastern edge of Arkansas, a coastal gradi-
ent from the North Carolina coast to the 
Appalachian Mountains, and a latitudinal 
gradient from Virginia to Florida.
 
Total submissions received through the web 
mapping system (http://invasive.princeton.
edu) and paper surveys as well as the top 
ten highest contributing organizations 
by number of submissions are shown in 
Table 3. During the collection period, 342 
independent users from 90 organizations 
registered with the web-mapping system, 
with over half (n=187) of the registered 
users contributing data. The majority of 
experts who used the web-mapping sys-
tem were from state forestry departments 
(60%) and university extension agencies 
(15%), with the remaining contributors 
representing a mix of federal, state, and 
local organizations. Just over half (53%) 
of the contributed data were submitted 
through the web-mapping system with the 
remaining collected through a paper survey 
of the Tennessee and North Carolina state 
forestry departments.

Percent cover of Chinese/European privet 
was mapped across a total of 54.5 million 
hectares. Privet was found (> 0% cover) 
in 82% of the total quarterquads mapped 
(Figure 4a). The expert dataset comprised 
11,105 quarterquads, the FIA dataset con-
tributed 2527 quarterquads, and the outside 
point data added 51 quarterquads including 
14 expert quarterquads reclassified from 0 
to < 1% cover. Chinese/European privet is 
widespread across most southeastern states 
but is absent in large areas of Florida, 
Louisiana, Arkansas, and the southern 
Appalachian mountains.

Percent cover of kudzu was mapped across 
a total of 44.3 million hectares. Kudzu was 
present (> 0% cover) in 69% of the mapped 
quarterquads (Figure 4b). The expert da-
taset comprised 10,780 quarterquads, the 
FIA dataset contributed 129 quarterquads, 

Example
Quarterquad Record 1 Record 2 Record 3

Final
Value

    Notes

2459a 0 <1% -- <1% Higher value 
assigned

3189d <1% 1-5% -- 1-5% Higher value 
assigned

1736b 1-5% 11-15% -- 6-10% Average 
assigned

839d <1% 11-15% -- 6-10% Higher avg 
assigned

1264c <1% >25% -- -- Quarterquad 
discarded

3827c 1-5% 1-5% 6-10% 1-5% Average 
assigned

7488a <1% 11-15% 16-25% 16-25% Record A 
discarded;
higher avg 
assigned

Table 2. Rules for assigning final value to a quarterquad with multiple data records..

SE-EPPC, IPAMS, Florida Natural Areas 
Inventory, Southern Appalachian Informa-
tion Node, US Forest Service Forest Health 
Protection; Cogongrass sources: SE-EPPC, 
IPAMS, Florida Natural Areas Inventory, 
Evans et al. (2007)

1 Unique combinations of point datasets 
were used for each species. Chinese/Eu-
ropean privet sources: SE-EPPC, Florida 
Exotic Pest Plant Council, IPAMS, Florida 
Natural Areas Inventory, Southern Appala-
chian Information Node; Kudzu sources: 
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and outside point data added 208 quarter-
quads, including 45 expert quarterquads 
reclassified from 0 to < 1% cover. Kudzu 
is widely distributed across Alabama, 
North Carolina, and western Tennessee, 
but is absent in large areas of Arkansas 
and isolated parts of central Florida and 
Tennessee.

Percent cover of cogongrass was mapped 
across a total of 44.6 million hectares. 
Cogongrass is present (> 0% cover) in 
19% of the mapped quarterquads (Figure 
4c). The expert dataset comprised 10,866 
quarterquads, the FIA dataset contributed 
nine quarterquads, and the outside point 
data added 303 quarterquads, including 
seven expert quarterquads reclassified from 
0 to < 1% cover. The species is distributed 
across Florida and the southern halves of 
Georgia, Alabama, and Mississippi, but is 
absent further north. Heavy infestations (> 
16% cover) occur from the eastern Florida 
panhandle to southwestern Alabama.
 
Each species displayed a distinct invasion 
pattern across the region. Chinese/European 
privet is the most dominant and widespread, 

while cogongrass is the most limited. Quar-
terquads containing a high percent cover 
(16-25% or > 25%) of Chinese/European 
privet (n=542) are over three times more 
prevalent than kudzu (n=147), and 7.5 times 
more prevalent than cogongrass (n=72). 
Compared to Chinese/European privet and 
kudzu, cogongrass is much less widely 
distributed, being absent from 81% of the 
mapped quarterquads. Kudzu has a similar 
distribution to Chinese/European privet, but 
occurs in less overall quarterquads with 
fewer heavy infestations. 

Evaluation of Expert Opinion

Approximately 6% of the data collected for 
each species were duplicate submissions, 
allowing for an assessment of internal 
consistency. Of the 796 duplicates for 
Chinese/European privet, 69% were identi-
cal or differed by only one percent cover 
category (Figure 5a). In the case of kudzu, 
72% of the 733 duplicates were identical or 
one percent cover category off (Figure 5b). 
Cogongrass had the highest consistency, 
with 88% of the 778 duplicates identical 

or only one percent cover category off 
(Figure 5c). For each species, there were 
fewer than 40 triplicates, and at least 82% 
of the triplicate cases were either identical 
or differed by one percent cover category. 
Excluded outlier duplicates totaled 6% of 
the data for Chinese/European privet, 7% 
for kudzu, and 1% for cogongrass.

FIA data were robust for Chinese/European 
privet, allowing an external assessment 
of accuracy for this species. For Chinese/
European privet, 12% (n=1373) of the 
FIA plots overlapped an expert opinion 
quarterquad, including 51 plots discarded 
as outliers. The majority of these plots 
(64%) were identical or one percent cover 
category off (Figure 6). False negatives, 
where experts reported absence but FIA 
reported presence, occurred in 8% of the 
quarterquads (n=112).

Outside point datasets were used to as-
sess the distributional similarity between 
point presence and percent cover. Kudzu 
(n=462) and cogongrass (n=387) points 
were equally distributed across all non-
zero quarterquad percent cover categories. 
However, Chinese/European privet points 
(n=104) were biased towards low percent 
cover, with 67% located in quarterquads 
with < 1% cover. Furthermore, multiple 
point records of Chinese/European privet 
were disproportionately likely to occur in 
quarterquads with a low percent cover (< 
1% and 1-5%; Figure 7). False negatives 
– where experts reported absence, but 
a presence point occurred – totaled 6% 
(n=14) for cogongrass, 17% (n=126) for 
kudzu, and 25% (n=50) for Chinese/Eu-
ropean privet. 

DISCUSSION

Although data on the distribution and 
abundance of non-native invasive plants 
are critical for quantifying ecological and 
economic risk from these species and for 
devising effective monitoring and manage-
ment strategies, such data are rarely avail-
able, even in wealthy, developed countries 
like the United States. In the case of the 
United States, the problem is not so much 
a lack of information – local experts often 
know where invasive plants occur and how 

Organization          # of active users*        # of submissions
AL Forestry Commission 63 3428
TN Division of Forestry unavailable† 2874
NC Division of Forest 

Resources unavailable† 2360
AR Forestry Commission 17 1400
LA Office of Forestry 9 320
FL Division of Forestry 10 279
University of FL Extension 11 173
VA Department of Forestry 12 172
U.S. Forest Service 3 153
AL Cooperative Extension 6 147
Total web mapping system 187 6,595
Total paper survey unavailable 5,912

12,507

*Active user is a participant who entered data on at least one occasion 
†Data were collected via paper surveys.  Total number of participants is unknown

Total submissions

Table 3. Total submissions and response rate of the top ten contributing organization (by number 
of submissions.
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Figure 4. Regional percent cover of three non-native invasive plants in the Southeast U.S. based on expert opinion. Map projection: USA Contiguous Albers 
Equal Area Conic.

abundant they are – but rather, the fact that 
these data have never been collected and 
synthesized into regional maps. Instead, 
invasive species mapping has typically 
focused on collection of local, point in-
festations.

However, point data are rarely useful for 

assessing state-wide or regional risks posed 
by invasive plants. Previous studies have 
found that point data may be spatially 
biased and have insufficiently extensive 
sampling to yield accurate estimates of 
a species’ overall abundance (Hijmans 
et al. 2000; Graham and Hijmans 2006). 
Moreover, our data for Chinese/European 

privet suggest that point-presence sampling 
is biased toward smaller infestations of 
invasive plants (Figure 7). This bias is 
understandable in the context of an early 
detection/rapid response paradigm because 
these smaller, newer infestations are of 
major concern to land managers. However, 
these point data do not accurately represent 
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regional distribution and abundance of the 
species in question, and would bias bio-
geographical modeling aimed at identifying 
the drivers of species invasion.

While false negatives arising from the point 
data comparison were low for cogongrass 
(6%), they were substantially more frequent 
for kudzu and Chinese/European privet 
(17% and 25%, respectively). The vari-
ability between species may arise from 
experts being more alert to cogongrass 
locations because this advancing, invasive 
species is considered an urgent threat and 
is prioritized as such by state and federal 
agencies. Species like Chinese/European 
privet or kudzu may be overlooked because 
they are well established across much of 
the Southeast.
 
Our experience demonstrates that a web-
based mapping system coupled with 
emailed requests for participation provides 
a fast, inexpensive, and effective way to col-
lect data on invasive plant distributions and 
abundance from numerous sources. Our 
collection efforts lasted only six months, 
during which time we were able to map 
30% of the Southeast U.S. By contacting 
directors of federal, regional, state, and 

local agencies and organizations, we were 
able to quickly distribute email participa-
tion requests to large numbers of experts, 
who, in turn, could forward our requests 
to people outside the original email list, 
thereby increasing the total number of 
potential users. Lack of internet access, 
slow internet connection speeds, or lack 
of proficiency with computer technology 
restricted the participation of a few orga-
nizations and individuals. However, overall 
registration was high – almost 350 users 
from 90 organizations registered with the 
web-mapping system, with more than half 
(187) eventually contributing. Moreover, 
the judicious use of paper maps enabled 
us to reach even those individuals and 
institutions that could not be reached via 
the internet.

Before employing a web-mapping system, 
one must consider whether using expert 
opinion to create regional maps provides 
accurate results. The results of this study 
suggest a high level of consistency and 
accuracy in mapping invasive plant per-
cent cover via our web-mapping system. 
When compared to the Forest Service FIA 
data plots inventoried by a team of forest 

Figure 6. Comparison of expert opinion regard-
ing quarterquad percent cover to FIA-derived 
quarterquad percent cover for Chinese/European 
privet. The majority of percent cover estimates 
were either the same (0) or one category differ-
ent (1). Outliers – duplicate quarterquads with 
an expert opinion difference of 5 or 6 categories 
– were rare and were excluded from the final 
maps (Figure 4).

Figure 7. Boxplot of the number of Chinese/Eu-
ropean privet presence points falling within a 
quarterquad by category. A higher number of 
multiple presence points are found in quarterquads 
with a low percent cover (<1% and 1-5%). Boxes 
encompass 75% of the data, the lines encompass 
95%, and the asterisks are outlier values.

Figure 5. Differences in expert opinion of species 
percent cover on duplicated quarterquads. The 
majority of percent cover estimates for each species 
were either the same (0) or one category different 
(1). Outliers – duplicate quarterquads with an ex-
pert opinion difference of 5 or 6 categories – were 
rare and were excluded from the final maps.
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technicians, 64% of the expert opinion
dataset matched the percent cover values
for Chinese/European privet in the FIA set.
Accuracy for the kudzu and cogongrass
datasets could not be tested because these
species are infrequently found in forested
habitats. This level of regional accuracy
is comparable to national and regional
land cover mapping (NLCD, Stehman et
al. 2003; SWReGAP, Lowry et al. 2005).
However, land cover maps derived from
remote sensing rarely include invasive
plants (but see Bradley and Mustard 2008).
Additional analysis of the expert dataset
showed high internal consistency (69%
for Chinese/European privet, 72% for
kudzu, 88% for cogongrass) among experts
submitting data for the same quarterquad.
Aside from the 25% false negative rate for
Chinese/European privet, false negative
rates were generally low. Thus, we are
confident that this approach is appropriate
for regional mapping.

The advantages of regional mapping at
quarterquad resolution are illustrated by the
distribution and abundance maps produced
by this study (Figure 4). For example, when
comparing the previously available county
and state resolution maps (Figure 1) to
the quarterquad resolution (Figure 4a) of
Chinese/European privet, a clearer picture
of the species’ distribution emerges. In
Figure 1, privet appears to dominate 100%
of Alabama when, in fact, our finer-scale
map reveals privet to have less than 1%
cover in about one-third of the state. A
similar result is seen with respect to both
cogongrass and kudzu; while both species
are considered pervasive pests within many
states, there are, in fact, many places with
only nascent invasions (< 1% cover).

Local, state, and federal agencies and or-
ganizations can utilize these maps to assist
their management and planning activities.
A spatially-explicit, regional picture of
invasive plant distribution and  abundance
enables managers to identify invasion “hot
spots,” or areas of high infestation, which,
in turn, can be targeted for control (if con-
trol is even possible for a given species).
Regional distribution maps also facilitate
planning and coordination among county,
state, and regional invasive plant managers
by revealing larger patterns of invasion not

apparent in state or county-scale assess-
ments of a species distribution. In addition,
regional distribution maps are essential for
conveying the extent of the problem posed
by invasive species to public officials and
the public. They can serve to bolster sup-
port (legislative and financial) for control
programs, and they can be used as a deci-
sion-making tool for proposed quarantine
and control measures.

Finally, regional invasive species distribu-
tion data can be used in economic and
biogeographical analysis. Regional maps of
invasive species are valuable for calculating
the economic risks to a state or region. For
example, Zavaleta (2000) calculated the
economic impact of tamarisk (Tamarix
spp.) on regional water supplies using a
limited dataset for the species distribution.
Regional maps may be important in model-
ing the role of climate and topography in the
spread of invasions. For example, annual
precipitation and temperature data could
be used to determine whether the extent
of cogongrass (Figure 4c), which exists in
only the southern part of southeast states,
is limited by such variables.

Applications to Biogeography

Web-based mapping systems have potential
applications in many fields besides the
ecology of invasive plants. Our approach,
for example, could be used to collect and
synthesize data on crop type or fertilizer use
in agricultural lands or on stocking levels
of livestock in rangelands. The Google
Maps platform is very flexible, allowing
mapping resolutions as fine as 10 meters,
yet permitting multiple mapping layers
without sacrificing speed. In addition to
collecting data, a web-mapping system can
be used to display results, including high-
resolution photos and vector data. Hence,
scientists, organizations, and governments
can easily display and disseminate the
results of a project.

The high performance of a web-mapping
system running a mapping API platform
is an additional benefit. Many online map-
ping websites rely primarily on commercial
GIS software (such as ArcIMS; see www.
esri.com) to provide a map interface to

users. Commercial software packages not
only cost a great deal, but also tend to run
slowly for users. Conversely, web-based
map viewing and data entry are quick and
efficient with the freely available Google
MapsAPI. 2  Although anArcIMS software
package may have greater capability in its
standard features, many of these features
can be manually implemented on the
Google Maps platform. Thus, web-based
mapping systems running an API platform
such as Google Maps provide a straight-
forward, inexpensive, and reliable method
of data collection while simultaneously
engaging interested users. The use of such
systems, especially in cases where there
are many local experts whose collective
knowledge has not been tapped, could
open up new research opportunities in the
fields of biogeography and environmental
policy.

To download high-resolution maps and
full datasets for each species, please visit
http://invasive.princeton.edu
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